INTRODUCTION
Shoe manufacturing is one of the oldest occupations and mass production of shoes was not started until late 19th century. Although the shoe production processes changed in the 20th century, working conditions and related health problems have yet to be controlled, especially in developing countries (1, 2) . The raw material used in the manufacturing processes such as adhesives and
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Tanaffos 2012; 11 (4) : [43] [44] [45] [46] [47] [48] [49] paints contain organic solvents. Solvents mainly consist of benzene, xylene, ethyl benzene, toluene and n-hexane.
Due to their volatility, the main routes of exposure are through inhalation and skin absorption. Oral intake has also been reported in some cases (3, 4) . Solvents in benzene are reported to cause various respiratory diseases, neurotoxicity and cancer (5) . Benzene is classified as a group 1 carcinogen (6) (7) (8) . Epidemiological studies have reported excess mortality due to leukemia in shoemakers exposed to benzene (9) (10) (11) . Chinese shoemakers were reported to have high levels of exposures to benzene, toluene and other toxic solvents. There are a number of workers at risk for aplastic anemia, leukemia and other health problems (12) .
In Chinese shoemakers, the prevalence of aplastic anemia was 12.1/100,000 compared to the prevalence rate in general population of Mudanjiang (in north east of China) which was 2.1/100000 (13). Also, incidence of leukemia was 13 per 100,000 in shoemakers in Turkish which is greater than the rate in general population which was 6/100,000 (14) . Standardized mortality ratios (SMR) for all hematolymphopoietic malignancies and leukemia were estimated for Italian shoemakers to be 1.4, 3.7, 3 and 7 for benzene cumulative exposure of <40, 40-99, 100-199, and >200 ppm-years, respectively (11) .
One of the newest approaches of toxicology is risk assessment, whereby scientific information on the hazardous properties of toxic agents and the extent of exposure results in a statement as to the probability that exposed populations will be effected. This process is a scientific attempt to identify and estimate the true risks (15, 16) . Carcinogenic risk assessments justify preventive provisions (17) . This cross-sectional study aimed at monitoring Iranian shoemakers' exposure to benzene and toluene.
MATERIALS AND METHODS
In this study, 12 workshops were selected randomly among the shoemaking workshops of East Tehran. The production processes were semi-automated and manual requiring a skilled labor force. Shops were not equipped Risk assessment: Incidence of leukemia in terms of odds ratio (OR) for all individuals exposed to benzene was determined according to Rinsky's model (19) .
OR=exp (0.0126×ppm-years)
Also, risk assessment of cancer incidence per reference population due to benzene exposure and 30 years of work history of all subjects were computed according to Yimrungruang formula (20) .
I= (C×ET×EF×ED) / AT
R. Azari M, et al. 45 Tanaffos 2012; 11 (4) : [43] [44] [45] [46] [47] [48] [49] where I is the inhalation intake (µg/m 3 ), C is the concentration of the compound in the personal air sample (µg/m3), ET is the exposure time (hr/day), EF is the exposure frequency (days/year), ED is the exposure duration (years), and AT is an average lifetime (years).
ACGIH additive effect of Benzene and Toluene exposure for non-carcinogenic effect is calculated by the following formula:
Where C 1 indicates the observed atmospheric concentration and T 1 is the corresponding threshold limit and N should be less than one (21) . 
RESULTS
Age and work experience of shoemakers (mean ± SD) were 37±14.5 and 18±14.9 years respectively. Information about workshops in terms of their production level and consumption of glue are reported in Table 1 . OSHA method NO.12 was optimized in the laboratory and this method was validated in this study by determining the coefficient of variation of intra-day and inter-day and recovery measurements of benzene and toluene which are shown in Table 2 . The results of personal monitoring of subjects for benzene and toluene exposure in each of the three consecutive months (mean ± standard error) were measured and a trend of exposure increase was noticed; however, the difference between any two periods of monitoring was not statistically significant (p>0.05) ( Table   3 ). Occupational exposure of four different task operational groups of cutting, modeling, fitting and finishing to benzene and toluene was not significantly different (p>0.05) (Figures 1 and 2 ). and, a general trend of increased exposure to the two compounds was observed in the three months (Table 4 ).
Odds ratio of cancer incidence due to benzene exposure was calculated for all subjects and additive effect of Benzene and Toluene was also determined for shoemakers (table5). Twenty seven percent of occupational groups in the first month, 48% in the second month and 44% in the third month had higher exposure to toluene than TLV set by ACGIH (20 ppm). Chinese and Mexican shoemakers also had similar exposures to toluene as in our study (22, 24) . It is apparent that exposure to toluene and benzene could be a risk factor for all shoemakers.
In the present study, exposures of shoemakers in direct contact with adhesives (fitting, modeling and finishing phases) were compared with exposure rate of subjects who had indirect contact with these substances (cutting), and significantly higher exposure rates to benzene were detected in the former group; however, this finding was not seen for toluene. This phenomenon might be due to the higher volatility of benzene compared with toluene. It should be noted that all shoemakers were working in small workshops with an area of 10 to 26 square meters. No partitions were used to separate different working groups from each other and the workers worked in stations in close proximity of each other. Generally, Chinese workshops had similar conditions to the present study with almost the same results (22) .
In the present study, there was a significant positive correlation between exposure to toluene and benzene .This result was also observed in Chinese shoemakers (22) , but in a study by Gonzalez it was reported that exposure to benzene was very low close to the detection limit and only toluene exposure was higher than the standard limit (24).
However, significant concentration of benzene even in solvent free benzene was reported by Jafari et al, (25) .
Based on epidemiological studies regarding various rates of cancer prevalence among Italian, Chinese and Turkish shoemakers, they showed higher rates than general population. In this study, due to the lack of epidemiological studies in Iran, risk assessment of cancer incidence of shoemakers was conducted according to Rinsky (19) The present study was a cross sectional experimental study for determination of actual exposure to benzene and toluene and their respective risk assessments which is recommended by some epidemiological studies (9, 17) . In 
